This study is performed to determine some of sperm quality after applying freezing / thawing process. Thus, the aim of this study is to examine different cryprotective agents with additives in terms of their effects at different pH on the cryopreservation process of longspine scraper (Capoeta trutta). The present study, twelve media were prepared by mixing three different cryoprotectants (dimethyl sulfoxide (DMSO, (CH3)2SO); methanol (CH3OH); methyl glycol (MG, CH3O (CH2)2OH)) with an extenders (glucose) at four different pH (7.2, 7.6, 8.0 and 8.4) for longspine scraper semen. Considering the findings from the examination (The motility rate after thawing process and duration of motility obtained in DMSO as 81% and 20 min, in methanol as 73% and 12 min, in methyl glycol as 60% and 15 min.), we can conclude that the DMSO is the best freezing media in order to create new essays in cryopreservation for sperm of Capoeta trutta in the future.
Introduction
There are some dominant fish species in Atatürk Dam Lake and longspine scraper is one of them. It belongs to the Cyprinideae that has a wide distribution in both Euphrates and Tigris basins, natural and artificial lakes in Mesopotamia for thousands of years (Özdemir, 1983; Polat, 1987; Ünlü, 1991; Şevik, 1993) . Since longspine scraper is one of those species which are usually fished in the abovementioned basin is very important in terms of the economy of the region as being caught for commercial fishing and also for the fishing as a sport. Using liquid nitrogen for storing the fish sperm becomes successful and thus is being used for more than 200 species (Brown and Brown, 2000) , although this technique is reported as successful, the protocol using for applying liquid nitrogen differs as per species. For Cyprinidae, semen cryopreservation has been examined in many species such as the common carp Cyprinus carpio (Kurokura et al., 1984; Koldras and Bieniarz, 1987; Babiak et al., 1995) in the asp, Aspius aspius (Babiak and Glogowski, 1998) ; in the zebra fish, tawes carp-Puntius gonionotus, Labeo rohita, grass carp-Ctenopharyngodon idella, bighead carp-Aristichthys nobilis) (Withler, 1982) .Protocols for cryopreservation of semen has been improved for also species of cypriniform such as the razorback sucker, the curimbata, Xyrauchen texanus (Tiersch et al., 1998) ; Prochilodus scrofa; and the dourado, Salminus maxillosus (Coser et al., 1984) . It is known that the composition of additives, concentration of crypotectant and method of freezing could affect the success of cryopreservation (Sansone et al., 2002; DeGraaf and Berlinsky, 2004) . Using ethylene glycol (EG), methanol, glycerol and dimethyl sulfoxide (DMSO) or dimethyl acetamide (DMA) for the cryopreserving the common carp sperm could affect the sperm motility after thawing process and/or hatching process or fertilization (Lahnsteiner et al., 2000; Linhart et al., 2000) . Besides, it was observed that using DMSO in equilibration could cause damaging effects to carp sperm (Lubzens et al., 1997) , and also other comparative DMSO studies revealed that methanol, glycerol and DMA has a better suitability for freezing the carp sperm (Lakra and Krichna 1997) . Although, there has been considerable research on semen preservation in teleosts (Kurokura et al., 1984; Cognie et al., 1989; Zhang and Liu, 1991 Linhart et al., 1988) , there is no available data about the C. trutta sperm and its cryopreservation.
Numerous studies have been carried out to determine various biological properties of C. trutta. It has been reported that it reaches sexual maturity at 2-3 years of age and the breeding seasons lasts from the beginning of April to the end of August (Şevik, 1995; Yapalak et al., 1997; Bozkurt et al., 1999; Kalkan, 2008; Duman, 2004; Oymak et al., 2008; Düşükcan and Çalta 2012; Canpolat and Calta, 2013; Eroğlu and Şen, 2017) . In order to manage and conserve the species, it is critical to have the knowledge of reproductive biology and physiology. This also allows the prevention of species from extinction and thus, males could be utilized in natural and artificial reproductive programmes (Wildt et al., 2010) . High level of prolificacy could be reached if the artificial reproduction methods of all Cyprinid species are well applied. So, in this study, the longspine scraper was taken as the sample model for making a research regarding the reproduction of fish. Mostly, the immobility of fish spermatozoa is seen in the seminal tract and the motility of sperm is commenced by means of hyposmotic environment in fish species living in fresh water (Morisawa and Suzuki, 1980) . In previous studies, Doğu et al. (2015) reported the values of C. trutta that the mean values of semen (μl), motility (%), motility duration (sec), density (× 10 9 /ml) and pH were 150.71±6.91; 67.74±1.01; 65.74±1.40; 19.68±0.74 and 7.22±0.01 respectively. Özgür and Gürçay (2016) , was stated that the motile activity of spermatozoa was evaluated to some parameters characterizing sperm movement which has known that; VSL (μm/s); straight line velocity, VCL (μm/s); curvilinear velocity, VAP (μm/s); the angular path velocity, STR (VSL/VAP)(%); straightness, LIN (VSL/VCL) (%), the linearity, BCF (Hz); beat crass frequency, ALH (μm), amplitude of lateral head displacement and MAD; mean angular displacement in spermatoza of Capoeta trutta. According to results, motility parameters were determined to 13. 09, 74.01, 29.88, 42.44, 21.42, 8.81, 15.56 and 0.02, respectively. As well as several factors could affect the motility of sperm such as; osmolality, pH and temperature . It is necessary to make and analyze studies which are made on the effects of those above mentioned factors to set up a standard activating agent and immobilizing media in order to improve those techniques using during fertilization and preservation process (Alavi et al., 2009 ), osmotic level, pH and dilution rate could affect the duration of motility in fish spermatozoa (Alavi and Cosson, 2005.) pH is known as the most activating factor for sperm of fish species (Stoss, 1983) . The fertilizing capacity of the sperm could also be affected by the the activating solution pH. . Ideal motility rate in sperm of Cyprinus carpio was observed at pH 7.0 and 8.0 (Cosson et al., 1991) .
Purpose of this study was testing three different types of cryoprotectant agents considering their effects, such as; dimethyl sulfoxide (DMSO, (CH3)2SO); methanol (CH3OH); methylglycol (MG, CH3O (CH2)2OH)) combined with an extenders at four different pH (7.2, 7.6, 8.0 and 8.4 ) on the cryopreservation process of longspine scraper-C. trutta sperm.
Material Methods
This study was carried out on the species called longspine scraper living in Atatürk Dam Lake (37°23' 9 ''03'''N, 38°34'38''05'''3E) by the Department of Fisheries of Bozova Vocational School for Higher Education of Harran University. During the study, it was captured in the middle of the spawning season on June 2016. The longspine scrapers (n=10) were fished by using gill nets (42mm×42mm-55mm×55mm) at Atatürk Dam Lake and those fish which were selected randomly, were kept under the temperature of natural lakewater (23.00±4.80°C) with oxygen rate (8.44-9.28mg/l), pH (8. 05-8.322 ). YSI Environmental (YSI 85) was used to measure those parameters of the areas from where samples were taken were measured by using YSI Environmental (YSI 85) in terms of physico-chemical features. Fiberglass tanks were filled with lake water and were used to take those samples to the laboratory. Several scales were used to determine the age of fish by using a stereo microscope (Nikon SMZ 2T stereo) Captive longspine scraper size ranged between 260.00 and 390.00g (mean 335.00±27.23g) in body weight and 30.00 and 34.00 cm (mean 32.80 ±0.93 cm) in total length. Fish age ranges from 5 to 8 years old. Samples taken from milt were put into tubes in order to collect sperms and a gentle manual pressure to abdomen was applied. After the sperm collection process, those tubes which contain sperm were put into a polystyrene box filled with crushed ice (5±2°C). Sperm samples were carefully protected from contamination due to water, urine or faeces.
Spermatozoa Motility, Osmolality and Concentration
After those sperm samples were collected, a light microscope with the magnification feature ×400 (with the brand name of (Nikon SMZ 2Tstereo) was used to observe samples of which 5 µL was examined on a glass slide. Since it is required to obtain an immotile fish sperm to be examined in seminal plasma, when sperm motility occurred, contamination in water or any urine involvement was considered as the cause of motility and thus, the sample was not used and eliminated from the study. In immotile samples (n=10 males), the motility of sperm was activated by using 50 mM NaCl (pH 8.0), and for the activating agent, this triggered sperm mobility was used and light microscobe was used for estimating it subjectively. (Linhart et al., 2003) . In the subsequent analyses, it is required to use the samples which has only samples at least 80% motile sperm. The ratio of motility and immobility in terms of cells, was estimated in order to the proportion of motile and non-motile cell was estimated in order to determine the motility rate visually as being in tree times more. The rate of motility was estimated the proportion of progressive motile spermatozoa in a microscope field and it can be determined the motility rate visually as being in tree times in different field in a microscope. The duration of sperm motility was subjectively evaluated as the time elapsed from activation until 5% of the spermatozoa maintained forward swimming activity. The osmolality of sperm (approximately 500 µL) from each male was measured at room temperature cryoscopically (Osmometer 3250, Advanced Instruments INC, Massachusetts, USA).
Hemocytometric method was used to determine Spermatozoa concentration which was expressed as number of spermatozoa ×10 9 /ml. Firstly, in order to dilute the milt in a 1.5-ml test tube, a distilled well water in the amount of 9990 µl was mixed with milt in the amount of 10 µl and then the dilution was mixed by using a vortex mixer. The result was obtained after the number of milt cells was counted in a known haemacytometer volume (Thoma chamber, American Opticals, Buffalo, NY).
Extender Composition, Osmolality and Cryoprotectants
In this study, twelve freezing media, including different combinations of three cryoprotectants and an additive at four different pH were used (Table 1) . After the sperm collected and exanimate, it was cooled and diluted at 4°C. 350mM glucose (Merck-108337 Chemical Corp) was used as extender. Osmolality of the extenders were measured and set with osmometer as 325 mOsm/kg cryoscopically (Osmometer 3250, Advanced Instruments INC, Massachusetts, USA). Then, extenders were adjusted to four different pH values using with HCl or deiyonized water as: 7.2, 7.6, 8.0 and 8.4 respectively. After that, each extenders were mixed with each cryoprotectants (dimethyl sulfoxide (DMSO, (CH3)2SO) (Merck-102953); methanol (CH3OH) (Merck-106008); methylglycol (MG, CH3O (CH2)2OH) (Sigma-324558).
Sperm Cryopreservation and Post-Thaw Sperm Analysis
Sperm samples, which were taken from each male, were diluted in each medium with the ratio of 1:5 (sperm: total volume) (10 males × 12 media). After the dilution process; samples were examined under light microscope and it was tried to confirm if the initiation of sperm motility would be prevented by all additive-cryoprotectant combinations or not. The percentage of the motile sperm could be annotated if the motility rate was observed. In order to obtain the optimum proportion including 80% additives, 10% cryoprotectants and 10% sperm, those sperm samples which were taken from 10 males, loaded in freezing medium and they were equilibrated in crushed ice (4±2°C) for 30 min. Before equilibration, sperm samples were diluted into 0.5-mL straws (n=12media × 10 males × 3 copies of straws) were used to dilute the sperm samples and then they were sealed by using with a metallic globule, at room temperature. A nitrogen vapor tank was used in order to freeze straws (Air Liquide-DMC, Parc Gustave Eiffel, Gutenberg, France) at approximately -110°C and then those frozen straws were kept in liquid nitrogen (M.V.E. Millenium, XC 20, Chart, MN, USA). After 7 days, samples were thawed for 10 s by using a water bath at 35°C (Maria et al, 2006) and motility rate after the abovementioned thawing process (as percentage of motile sperm) and the duration of motility were immediately estimated (as described for fresh sperm).
Statistical Analysis
The mean was ±SD and expressed as values used in this analysis. SPSS program version 14.0 was used to perform statistical analyses. Univariate analysis was used in order to test the data for normal distribution and Tukey's post hoc test was made after ANOVA was being used for significant differences. The significance level was kept at 5% (P˂0.05) for all statistical tests. 
Results
Age groups of 10 C. trutta specimens from Atatürk Dam Lake ranged from 2 to 3. Fresh sperm, which were taken from 10 male, were processed in this research and included a mean of 85.00±3.53% spermatozoa motility rate, duration of motility 365.00±9.00 s, spermatozoa volume of 157.50±30.65 µl, 7.69±2.83 ×10 9 spermatozoa ml -1 and 294.75±3.47 mOsmol kg -1 (Table2). On Table 3 , the motility rate of sperm which were cryopreserved in twelve freezing media after the thawing process is shown. The diluent pH has a significant effect on motility rate in all cryoprotectants. All sperm samples which were cryopreserved using DMSO (81.25±3.21%) resulted with greater motility rates compared with methanol (73.75±3.21%) and methyl glycol (60.58±3.13%), regardless of the additives. While DMSO and methanol are cryopreserved with glucose diluent at pH 7.2 (88.75±1.25 and 82.50±4.78%, respectively) gave the best results, the methyl glycol gave the best results when it is cryopreserved with glucose diluent at pH 7.6 (70.00±7.90%) ( Table 3) . We determined significant interaction between cryoprotectant and extender pH on the post-thaw motility duration (P<0.01). So, cryoprotectants and extender pH were tested separately (Table 4) . On Table 4 , the motility duration of sperm which were cryopreserved in twelve freezing media after the thawing process is show. Cryoprotectant has a significant effect on post-thaw motility duration. Those sperms samples which are all cryopreserved in DMSO (20.45±1.78 min) resulted with greater post-thaw motility duration compared with methanol (12.33±0.78 min) and methyl glycol (15.07±0.83 min) (P<0.001). But, there was no difference among the cryopreserved sperm with a glucose diluent at four different pH on post-thaw motility duration (P>0.05).
Discussion
Our study is the first published one about the cryopreservation process of C. trutta sperm. The quality of sperm after thawing process was assessed regarding the sperm mobility rate and the duration of motility at the beginning.
Characteristics of Fresh Sperm
Fresh sperm of C. trutta was evaluated and described. Males were utilized in this study and analysed for sperm motility rate (85%), volume (157µl), concentration (7×10 9 spermatozoa ml -1 ) and osmolality (294 mOsmol kg -1 ). Those factors were all in the nominal range which was also considered for fresh sperm of different the Cyprinidae subfamily species (Lahnsteiner et al., 2000; Doğu et al., 2015; Özgür and Gürçay, 2016) . It is necessary to have a better knowledge in terms of those characteristics belonged to the fresh sperm motility in order to assess the quality of sperm before the artificial reproduction in fish hatcheries and before making experiments in laboratories. For preventing the samples from contamination and also preventing the premature induction of motility because of this contamination by urine or water, fresh sperms are commonly examined before the start of experiment (Viveiros and Godinho, 2009) .
Cryoprotectants
Motility percentage of sperm and the duration of motility after thawing process were both subjectively evaluated under light microscope. The three cryoprotectants tested here had a significant effect on the sperm motility (P<0.05) and motility duration (P<0.001) after thawing process. Those samples which were all cryopreserved in DMSO resulted with greater motility rate (81% and 20 min) compared with methanol (73% and 12 min) and methylglucol (60% and 15 min). Similar results were obtained in another Cyprinidae, when sperm motility and post-thaw motility duration were compared (Lahnsteiner et al., 2000; Akçay et al., 2004) . In addition, our result conflicts with Felizardo et al (2010) , who reported in Prochilodus lineatus that methanol led to a longer duration (74±59 s) than DMSO (58±4 s). These differences could be due to adding the egg yolk to the cryoprotectants. Because, if fewer sperm cell abnormalities, for increasing the duration of motility, the methanol is used to enhance the motility duration as being used as intracellular cryoprotectant, thus, using egg yolk is a common technique as being used as extracellular cryoprotectant. Accordingly, it is recommended to use methanol as intracellular cryoproctectant and to add egg yolk as extracellular protectant while cryopreserving the Prochilodus lineatus sperm. (Felizardo et al., 2010) . Besides, in comparison of the combination of glucose and methlyglycol (88%) with DMSO (80%) in Prochilodus lineatus, post-thaw sperm quality was significantly higher in the combination . Similarly, using glucose-methylgycol in cryopreservation of sperm resulted with the motile cells (81%) in the biggest percentage comparing to the cryopreservation of the sperm in the DMSO (52%) and BTSTM (Beltsville Thawing Solution Minitüb TM , the medium used to preservation produced in Tiefenbach/Landshut, Germany including 80% glucose, 12.7% sodium citrate, 2.7% EDTA, 2.7% NaHCO3, 1.5% KCl, 0.5% gentamycin sulfate) (57%) in Piaractus brachypomus (Nascimento et al., 2010) . As our results revealed, it could be asserted that using DMSO can be preferable than using methylglycol and methanol.
Extender pH
The environmental pH has a regulatory and also indirect role and could be revealed by means of those changes occur in intracellular pH (Parrish et al., 1989; Márián et al., 1997) . However, this possibility is ruled out by Márián et al. (1997) experimental finding that any changes occur relatively in pH of the suspending medium did not affect the intracellular pH. The four additives pHs (7.2, 7.6, 8.0 and 8.4 ) tested in present study affected post-thaw motility rate, but did not affect post-thaw duration of motility. Similarly, Márián et al. (1997) reported that alkaline pH of the environment reveal any effect on the duration of motility.
Glucose is a common additive for preserving the fish sperm. Buffered additives are commonly used during the cooling process for preventing the accumulation of sperm metabolites, therefore it prevents any changes in sperm pH and accordingly any damages to be occurred in the sperm cells (Chen et al., 2004) . By using three different additives (202, 335 and 363 mOsm) at different pH values (6.7, 8.2 and 6.5 respectively) in order to cryopreserving the sperm of turbot Scophthalmus maximus, best results were obtained at pH 8.2. For the cryopreservation of different species such as dusky grouper (Sanches et al., 2008) , Brazilian flounder (Lanes et al., 2008) and fat snook sperm (Tiba et al., 2009) , the same pH value is successfully used. But, in this study we had the best motility rate with DMSO at pH 7.2. DMSO in alkaline environment (intracellular pH) may be caused to increase intracellular pH of spermatozoa. This situation may have led to a decrease in sperm motility. Changes in motility may be formed in a long time in developing nonphysiological changes in intracellular pH. Hypoosmotic shock caused the intracellular PH become being at more alkaline values. Márián et al. (1997) reported that the alkaline pH of the cytoplasm could cause a decrease in the motile fraction in common carp sperm.
In addition, these differences could be due to the differences in species. Because, former studies show that the additive pH plays an important role for the determination of success in cryopreservation process. It is reported that the best mobility rates for common carp were found at pH 7-8 (Linhart and Cosson, 1997) . Besides, the intracellular spermatozoa pH of mammals was determined as almost 6.5 using with pH-sensitive fluorescent probes. After the in vitro capacitation, bicarbonate-containing media (at pH 7.4) were founds as intracellular pH>0.3 units (Zeng et al., 1996; Babcock 1983; Florman et al., 1989; Navarro et al., 2007) . When is prevented by glucose incubation, bovine sperm fail to capacitate (Parrish et al., 1989; Galantino-Homer et al., 2004) . A similar situation may have occurred in these fish species. High diluent pH may be due to increase the intracellular pH, so this can be lowered duration of postthaw motility.
Conclusions
As a consequence of our study, we could assert that cryoprotectant is not the primary and essential factor in the motility and duration of motility after thawing process in C. trutta sperm. Post-thaw motility finding in sperm response to extender pH, resulting in high sperm motility in DMSO and methanol at 7.2, 7.6 and 8.0 pH; in Methylglucol at 7.2 and 7.6 pH and also cause an increase in the duration of motility.
